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(54) PIEZOELECTRIC ACOUSTIC CONVERTER AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric acoustic 
converter in which failure rate can be improved by preventing short 
circuit of inner and outer electrodes due to migration and protecting a 
ceramic layer against cracking at the time of polarization. 31- 
SOLUTION: A plurality of piezoelectric ceramic layers 31 and 32 are 
laid in layer to form a multilayer body, and all ceramic layers 31 and 32 
are polarized in the same direction in the thickness direction. An AC 
signal is applied between outer electrodes 33 and 34 provided on the 
surface and rear of the multilayer body and an inner electrode 35 
provided between the ceramic layers, thus causing bending vibration 
of the multilayer body. A dummy electrode 36 is provided between the 
piezoelectric ceramic layers 31 and 32 on the outside of the inner 
electrode 35 through a gap G, wherein a part of the inner electrode 35 
is exposed to at least one end face of the piezoelectric ceramic layer 
and the dummy electrode 36 is exposed to the other end face of the piezoelectric ceramic layer. The outer 
electrodes 33 and 34 extend to an end face of the piezoelectric ceramic layer other than that where the 
inner electrode 35 is exposed. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric acoustic converter in 
which failure rate can be improved by preventing short circuit of inner and outer 
electrodes due to migration and protecting a ceramic layer against cracking at 
the time of polarization. 

SOLUTION: A plurality of piezoelectric ceramic layers 31 and 32 are laid in layer 
to form a multilayer body, and all ceramic layers 31 and 32 are polarized in the 
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same direction in the thickness direction. An AC signal is applied between outer 
electrodes 33 and 34 provided on the surface and rear of the multilayer body and 
an inner electrode 35 provided between the ceramic layers, thus causing bending 
vibration of the multilayer body. A dummy electrode 36 is provided between the 
piezoelectric ceramic layers 31 and 32 on the outside of the inner electrode 35 
through a gap G, wherein a part of the inner electrode 35 is exposed to at least 
one end face of the piezoelectric ceramic layer and the dummy electrode 36 is 
exposed to the other end face of the piezoelectric ceramic layer. The outer 
electrodes 33 and 34 extend to an end face of the piezoelectric ceramic layer 
other than that where the inner electrode 35 is exposed. 



LEGAL STATUS 

[Date of request for examination] 03.03.2003 

[Date of sending the examiner's 
decision of rejection] 

[Kind of final disposal of application 
other than the examiner's decision of 
rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While carrying out the laminating of two or more piezo-electric ceramic 
layers, constituting a layered product and polarizing all ceramic layers in the 
same direction in the thickness direction By impressing an alternation signal 
between the external electrode prepared in the front flesh-side principal plane of 
a layered product, and the internal electrode prepared between each ceramic 
layer In the piezo-electric mold electroacoustic transducer which carries out the 
crookedness oscillation of the above-mentioned layered product between the 
above-mentioned piezo-electric ceramic layers The dummy electrode separated 
by the outside of the above-mentioned internal electrode through the gap is 
prepared. Some above-mentioned internal electrodes are exposed to at least one 
end face of a piezo-electric ceramic layer, and the above-mentioned dummy 
electrode is exposed to other end faces of a piezo-electric ceramic layer. The 
above-mentioned external electrode The piezo-electric mold electroacoustic 
transducer characterized by having extended to end faces other than the end 
face of the piezo-electric ceramic layer which the internal electrode has exposed. 
[Claim 2] The gap width of face of the above-mentioned internal electrode and a 
dummy electrode is a piezo-electric mold electroacoustic transducer according to 



claim 1 characterized by being 0.05-0.40mm. 

[Claim 3] It is the piezo-electric mold electroacoustic transducer according to 
claim 1 or 2 characterized by preparing the burster-trimmer-stacker-feature 
section in the end face of the piezo-electric ceramic layer which the above- 
mentioned internal electrode is formed in a rectangle so that it may expose to 
one end face of a piezo-electric ceramic layer, the above-mentioned dummy 
electrode is formed in a KO typeface so that three sides of an internal electrode 
may be surrounded through a gap, and the above-mentioned internal electrode 
exposes, and the part of a corresponding external electrode. 
[Claim 4] The piezo-electric mold electroacoustic transducer according to claim 3 
characterized by forming the drawer electrode connected with the internal 
electrode through the end-face electrode prepared in the end face of a ceramic 
layer in the part in which the burster-trimmer-stacker-feature section of the 
above-mentioned external electrode was prepared. 

[Claim 5] the above-mentioned drawer electrode -- two corners of a piezo-electric 
ceramic layer - and the piezo-electric mold electroacoustic transducer according 
to claim 4 characterized by to be formed ranging over two different sides, to 
prepare the above-mentioned drawer electrode in the location with which it does 
not see and lap a dummy electrode and from thickness, and to form the island- 
like auxiliary electrode along with the end face of a piezo-electric ceramic layer 
between the both ends of the above-mentioned dummy electrode, and an 
internal electrode. 

[Claim 6] The process for which two or more green sheets which consist of a 
piezo-electric ceramic are prepared, and the process which forms the electrode 
pattern used as an internal electrode and a dummy electrode in the front face of 
at least one green sheet, The process which carries out the laminating of the 
above-mentioned internal electrode and the dummy electrode for two or more 
green sheets in between, and obtains a layered product, The process which 
calcinates a layered product and obtains a piezo electric crystal, and the process 
which forms the electrode pattern used as the external electrode on a side front 



in the front face of a piezo electric crystal, The process which forms the electrode 
pattern used as the external electrode on a background in the rear face of a 
piezo electric crystal, The process which impresses an electrical potential 
difference to the external inter-electrode one of a front flesh side, and performs 
polarization in the thickness direction of a piezo electric crystal uniformly, The 
process which cuts a piezo electric crystal into the dimension of one element, 
and the end-face electrode which makes the end face of the cut component flow 
through the external electrode of a front flesh side, In the condition of having the 
process which forms the end-face electrode for pulling out an internal electrode 
at either [ at least ] the front face of a component, or the rear face, and having cut 
the above-mentioned piezo electric crystal into the component Between piezo- 
electric ceramic layers, the dummy electrode separated by an internal electrode 
and its outside through the gap is prepared. Some internal electrodes are 
exposed to at least one end face of a piezo-electric ceramic layer, and the 
dummy electrode is exposed to other end faces of a piezo-electric ceramic layer. 
The external electrode of the above-mentioned table flesh side The manufacture 
approach of the piezo-electric mold electroacoustic transducer characterized by 
having extended to end faces other than the end face of the piezo-electric 
ceramic layer which the internal electrode has exposed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo-electric mold 
electroacoustic transducer and its manufacture approaches, such as a piezo- 
electric earphone, a piezo-electric sounder, a piezoelectric loudspeaker, and a 
piezo-electric buzzer. 
[0002] 

[Description of the Prior Art] Conventionally, in electronic equipment, home 
electronics, a portable telephone, etc., the piezo-electric mold electroacoustic 
transducer is widely used as the piezo-electric buzzer which generates an alarm 
tone and a sound of operation, or a piezo-electric earphone. It is the thing of the 
structure which closed opening of a case with covering while this kind of piezo- 
electric mold electroacoustic transducer sticks a piezoelectric device on one side 
of a metal plate, constitutes a uni-morph mold diaphragm and supports the 
periphery section of a metal plate in a case. However, since in the case of a uni- 
morph mold diaphragm the ceramic plate which an outer diameter expands and 
contracts is pasted up on the metal plate which does not carry out a dimensional 
change and a crookedness oscillation is carried out by electrical-potential- 
difference impression, there is a fault of being small, the amount of displacement, 
i.e., sound pressure. 

[0003] Then, the bimorph mold diaphragm of a laminated structure which 
consists of two or more piezo-electric ceramic layers is proposed (JP,2001- 
95094,A). This diaphragm forms an external electrode in the table rear face of 
this layered product, and prepares an internal electrode between each ceramic 
layer while it carries out the laminating of two-layer or the three-layer piezo- 
electric ceramic layer and obtains a layered product. Polarization of all the 
ceramic layers is carried out in the thickness direction in the same direction, and 



they carry out the crookedness oscillation of the layered product by impressing 
an alternation signal between an external electrode and an internal electrode. In 
the diaphragm of such a laminated structure, compared with a uni-morph mold 
diaphragm, the amount of displacement is large, and there is an advantage to 
which sound pressure increases. 
[0004] 

[Problem(s) to be Solved by the Invention] Since each ceramic layer is thin meat 
when manufacturing the diaphragm of the above laminated structures, there is a 
problem of being easy to short-circuit the internal electrode and external 
electrode which are exposed to the end face of a layered product by migration. 
While making at least one side of the ceramic layer 1 expose the external 
electrodes 2 and 3 of a front flesh side as a cure against migration as shown in 
drawing 1 The burster-trimmer-stacker-feature sections 2a and 3a which excised 
the external electrodes 2 and 3 are formed in other sides, burster-trimmer- 
stacker-feature section 4a of an internal electrode 4 is formed in the side which 
the external electrodes 2 and 3 exposed, and how to make it into the electrode 
configuration which made the remaining sides expose an internal electrode 4 can 
be considered. In addition, in drawing 1 , the external electrode 3 on a 
background is drawn as projection drawing. By considering as such an electrode 
configuration, in the end face of the ceramic layer 1, the external electrodes 2 
and 3 and an internal electrode 4 do not approach in the thickness direction, but 
migration can be canceled. In addition, with this, although the burster-trimmer- 
stacker-feature sections 2a and 3a were formed in three sides of the external 
electrodes 2 and 3 and burster-trimmer-stacker-feature section 4a was formed in 
one side of an internal electrode 4 in drawing 1 , even if it forms the burster- 
trimmer-stacker-feature section in reverse at three sides of an internal electrode 
4 and forms the burster-trimmer-stacker-feature section in one side of the 
external electrodes 2 and 3, it has the same effectiveness. 
[0005] However, when direct current voltage is impressed and polarization is 
performed between the external electrode 2 of a front flesh side, and 3 to a 



layered product with the above electrode configurations, a difference arises on 
the elongation of the ceramic layer 1 between an internal electrode 4 and 
burster-trimmer-stacker-feature section 4a, a crack occurs in the ceramic layer 1 
of the boundary of an internal electrode 4 and burster-trimmer-stacker-feature 
section 4a, and there is a problem of reducing the rate of an excellent article. 
That is, it is because the elongation of the ceramic layer 1 becomes large and a 
crack occurs in the ceramic layer 1 according to the difference of the elongation 
in the side which the internal electrode 4 has exposed to the end face in the side 
in which burster-trimmer-stacker-feature section 4a was prepared to the 
elongation of the ceramic layer 1 being controlled with the electrode 4. 
[0006] Then, the object of this invention prevents the crack of the ceramic layer 
at the time of polarization, and is to offer the piezo-electric mold electroacoustic 
transducer which can improve the rate of an excellent article while it prevents the 
short circuit of the internal electrode and external electrode by migration. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object, 
invention concerning claim 1 While carrying out the laminating of two or more 
piezo-electric ceramic layers, constituting a layered product and polarizing all 
ceramic layers in the same direction in the thickness direction By impressing an 
alternation signal between the external electrode prepared in the front flesh-side 
principal plane of a layered product, and the internal electrode prepared between 
each ceramic layer In the piezo-electric mold electroacoustic transducer which 
carries out the crookedness oscillation of the above-mentioned layered product 
between the above-mentioned piezo-electric ceramic layers The dummy 
electrode separated by the outside of the above-mentioned internal electrode 
through the gap is prepared. Some above-mentioned internal electrodes are 
exposed to at least one end face of a piezo-electric ceramic layer, and the 
above-mentioned dummy electrode is exposed to other end faces of a piezo- 
electric ceramic layer. The above-mentioned external electrode The piezo- 
electric mold electroacoustic transducer characterized by having extended to end 



faces other than the end face of the piezo-electric ceramic layer which the 
internal electrode has exposed is offered. 

[0008] Moreover, the process for which two or more green sheets with which 
invention concerning claim 6 consists of a piezo-electric ceramic are prepared, 
The process which forms the electrode pattern used as an internal electrode and 
a dummy electrode in the front face of at least one green sheet, The process 
which carries out the laminating of the above-mentioned internal electrode and 
the dummy electrode for two or more green sheets in between, and obtains a 
layered product, The process which calcinates a layered product and obtains a 
piezo electric crystal, and the process which forms the electrode pattern used as 
the external electrode on a side front in the front face of a piezo electric crystal, 
The process which forms the electrode pattern used as the external electrode on 
a background in the rear face of a piezo electric crystal, The process which 
impresses an electrical potential difference to the external inter-electrode one of 
a front flesh side, and performs polarization in the thickness direction of a piezo 
electric crystal uniformly, The process which cuts a piezo electric crystal into the 
dimension of one element, and the end-face electrode which makes the end face 
of the cut component flow through the external electrode of a front flesh side, In 
the condition of having the process which forms the end-face electrode for pulling 
out an internal electrode at either [ at least ] the front face of a component, or the 
rear face, and having cut the above-mentioned piezo electric crystal into the 
component Between piezo-electric ceramic layers, the dummy electrode 
separated by an internal electrode and its outside through the gap is prepared. 
Some internal electrodes are exposed to at least one end face of a piezo-electric 
ceramic layer, and the dummy electrode is exposed to other end faces of a 
piezo-electric ceramic layer. The external electrode of the above-mentioned table 
flesh side It is the manufacture approach of the piezo-electric mold 
electroacoustic transducer characterized by having extended to end faces other 
than the end face of the piezo-electric ceramic layer which the internal electrode 
has exposed. 



[0009] Although an internal electrode and a dummy electrode are prepared 
between ceramic layers, since two electrodes are separated through the gap, it 
has not flowed electrically. Some internal electrodes are exposed to at least one 
end face of a ceramic layer, and the dummy electrode is exposed to other end 
faces of a ceramic layer. And the external electrode is prolonged to end faces 
other than the end face of the ceramic layer which the internal electrode has 
exposed. If it puts in another way, the external electrode is not prolonged to the 
end face which the internal electrode exposed. Therefore, in the end face of a 
ceramic layer, an internal electrode and an external electrode do not approach in 
the thickness direction, but can prevent the short circuit by migration. Moreover, 
a dummy electrode and an external electrode approach in the thickness direction, 
and although it may connect too hastily, since the dummy electrode and the 
internal electrode are insulated electrically, they do not have a fear of an external 
electrode and an internal electrode short-circuiting. Moreover, since the dummy 
electrode is prepared in the part in which an internal electrode does not exist 
even if the difference of elongation arises in a ceramic layer in the part to which 
an internal electrode exists at the time of polarization, and the part not existing, 
the difference of the elongation of a ceramic layer becomes small and can control 
the crack of a ceramic layer. 

[0010] It does not need to continue and expose to the overall length of one side 
of a ceramic layer, you may expose to a part of one side, and the internal 
electrode may be continued and exposed to two sides or three sides. What 
similarly does not need to expose exposure of an external electrode covering the 
overall length of the side of a ceramic layer, either, and was exposed selectively 
may be used. A ceramic layer may be not only two-layer but three layers. Since 
an internal electrode is prepared in both sides of a central ceramic layer in the 
case of three layers, potential is equal and does not contribute to a crookedness 
oscillation. 

[001 1] Like claim 2, it is desirable to set gap width of face of an internal electrode 
and a dummy electrode to 0.05-0.40mm. If gap width of face is made large, the 



difference of the elongation of the ceramic layer at the time of polarization will 
become large, and will cause a crack. When gap width of face is narrowed too 
much, it becomes impossible on the other hand, to maintain the distance for 
insulation of an internal electrode and a dummy electrode. Then, it is [ width of 
face / gap ] compatible in 0.05-0.40mm then prevention of a crack, and 
reservation of the distance for insulation. 

[0012] Like claim 3, it may form in a rectangle so that an internal electrode may 
be exposed to one end face of a piezo-electric ceramic layer, and the burster- 
trimmer-stacker-feature section may be prepared in the end face of the piezo- 
electric ceramic layer to which three sides of an internal electrode are formed in a 
KO typeface so that it may surround through a gap, and an internal electrode 
exposes a dummy electrode, and the part of a corresponding external electrode. 
In this case, the electrode configuration of an internal electrode and an external 
electrode is simplified, and manufacture becomes easy. Moreover, since an 
internal electrode is not exposed to one side, migration cannot happen easily and 
the diaphragm of the stable property is obtained. 

[0013] Like claim 4, the drawer electrode connected with the internal electrode 
through the end-face electrode may be formed in the part in which the burster- 
trimmer-stacker-feature section of the external electrode in claim 3 was prepared. 
That is, since it is prepared between ceramic layers, if an internal electrode 
remains as it is, it is not connectable [ since the external electrode of a 
diaphragm is exposed outside the electrical installation with the exterior is easy, 
but ] with the exterior. Then, it connects through the end-face electrode in which 
the drawer electrode was prepared in the part to which the internal electrode was 
prepared in the burster-trimmer-stacker-feature section of an external electrode 
in order [ of a diaphragm ] to pull out on a front face at least, and this drawer 
electrode and internal electrode were prepared by the end face of a ceramic 
layer. An internal electrode is easily connectable with the exterior with this. 
[0014] claim 5 - like - a drawer electrode - two corners of a piezo-electric 
ceramic layer - and it forms ranging over two different sides, and a drawer 



electrode may be prepared in the location with which it does not see and lap a 
dummy electrode and from thickness, and an island-like auxiliary electrode may 
be formed along with the end face of a piezo-electric ceramic layer between the 
both ends of a dummy electrode, and an internal electrode. Thus, when taking 
and carrying out many layered products from a big mother substrate while being 
able to prevent the crack at the time of polarization if constituted, it is easy to 
respond to dispersion in a cut location and an electrode formation location. 
Moreover, since width efface of a drawer electrode can be comparatively made 
large, it is effective. 

[0015] By the manufacture approach of claim 6, the diaphragm in claim 1 can be 
manufactured efficiently. The diaphragm which consists of a multilayer 
piezoelectric transducer in a manufacture process in the approach of etching this 
and using as an external electrode after forming the electrode for polarization is a 
crack and a cone, especially - thickness - 50 micrometers or less » thin - in a 
**** diaphragm, the crack by handling etc. and a chip percent defective get worse 
substantially in etching processing. On the other hand, since the electrode for 
polarization is used as an external electrode as it is in claim 6, etching becomes 
unnecessary, and a load is not applied to a diaphragm, but a crack and a chip 
percent defective can be improved. 
[0016] 

[Embodiment of the Invention] Drawing 2 - drawing 9 show the piezo-electric 
mold electroacoustic transducer of the surface mount mold which is the 1st 
operation gestalt of this invention. This electroacoustic transducer consists of the 
profile, a case 10, a cover plate 20, and a diaphragm 30 of a laminated structure. 
[0017] The case 10 is formed in the core box of four square shapes which have 
bottom wall section 10a and the four side-attachment-wall sections 10b-10e with 
insulating ingredients, such as ceramics or resin. When it constitutes a case 10 
from resin, heat-resistant resin, such as LCP (liquid crystal polymer), SPS 
(syndiotactic polystyrene), PPS (polyphenylene sulfide), and epoxy, is desirable. 
Inside the two side-attachment-wall sections 10b and 10d which counter, the 



level difference-like supporters 1 0f and 10g were formed, and the internal 
connection sections 11a and 12a of the terminals 1 1 and 12 of a couple are 
exposed on it. Insert molding of the terminals 1 1 and 12 is carried out to a case 
10, and the external connections 11b and 12b which projected in the exterior of a 
case 10 are bent to the base side of a case 10 along the outside surface which 
are the side-attachment-wall sections 10b and 10d. 10h of 1st sound emission 
hole is formed in the boundary of other one side-attachment-wall section 10c and 
bottom wall section 10a of a case 10. The cover plate 20 which consists of the 
same ingredient as a case 10 pastes top-face opening of a case 10 with 
adhesives (not shown). The 2nd sound emission hole 21 is formed in the cover 
plate 20. 

[0018] As shown in drawing 5 - drawing 9 , a diaphragm 30 carries out the 
laminating of the two-layer electrostrictive ceramics layers 31 and 32, and covers 
the table rear face in the resin layers 40 and 41 . These resin layers 40 and 41 
are the protective coats for preventing the crack by the drop impact of the 
ceramic layers 31 and 32 etc. Here, the 10mmx10mmx20micrometer PZT 
system ceramics was used as ceramic layers 31 and 32, and the polyamidoimide 
system resin whose thickness is 5-10 micrometers as resin layers 40 and 41 was 
used. 

[0019] The external electrodes 33 and 34 are formed in the front flesh-side 
principal plane of the ceramic layers 31 and 32 by which the laminating was 
carried out, and the internal electrode 35 and the dummy electrode 36 are 
formed among the ceramic layers 31 and 32. As a thick wire arrow head shows 
to drawing 5 and drawing 6 , in the thickness direction, polarization of the two 
ceramic layers 31 and 32 is carried out in the same direction. The burster- 
trimmer-stacker-feature sections (or null section) 33a and 34a were formed in 
one side of the external electrode 33 on a side front, and the external electrode 
34 on a background, and other sides are extended to the edge of the ceramic 
layers 31 and 32. And the external electrodes 33 and 34 extended to the edge 
are connected to the end-face electrode 37 (refer to drawing 6 ) formed in one 



end face of a diaphragm 30. Therefore, the external electrodes 33 and 34 of a 
front flesh side are connected mutually. The external electrode 33 and the drawer 
electrode 38 not flowing are formed in the front face of the ceramic layer 31 in 
which burster-trimmer-stacker-feature section 33a of the external electrode 33 on 
a side front was prepared. An internal electrode 35 is formed in a rectangle so 
that it may expose only to the end face of the ceramic layers 31 and 32 in which 
the burster-trimmer-stacker-feature sections 33a and 34a of the external 
electrodes 33 and 34 were formed, and the dummy electrode 36 is formed in the 
KO typeface so that three sides of an internal electrode 35 may be surrounded 
through a gap G. The width of face of this gap G had 0.05-0.40 desirablemm, 
and it set it as 0.15mm here. The dummy electrode 36 is exposed to the end face 
of three sides of the ceramic layers 31 and 32. The end-face electrode 39 which 
connects an internal electrode 35 and the drawer electrode 38 is formed in the 
end face in which the end-face electrode 37 was formed, and the end face of the 
diaphragm 30 which counters. In addition, by forming the end-face electrode 37, 
it connects also with the dummy electrode 36 at the same time the external 
electrodes 33 and 34 are connected mutually. However, since the dummy 
electrode 36 is electrically insulated with the internal electrode 35, it is convenient 
to electrical characteristics. 

[0020] Notch 40a which the external electrode 33 exposes to two sides which a 
diaphragm 30 counters, and notch 40b which the drawer electrode 38 exposes 
are formed in the resin layer 40 on a side front. In addition, although Notches 40a 
and 40b were formed only in the front face in this example, you may prepare in 
front flesh-side both sides. What is necessary is to expose the external electrode 
34 to notch 40a on the back, and just to expose the drawer electrode 38 to notch 
40b on the back, in forming Notches 40a and 40b in front flesh-side both sides. 
[0021] The above-mentioned diaphragm 30 is contained by the case 10, and two 
sides which counter are Supporters 1 0f and 10g, and it is laid upwards. And the 
external electrode 33 and internal connection section 1 1a of a terminal 1 1 which 
are exposed from notch 40a of the resin layer 40 are connected by 



electroconductive glue 22, and the drawer electrode 38 and internal connection 
section 12a of a terminal 12 which are similarly exposed from notch 40b are 
connected by electroconductive glue 23. After stiffening electroconductive glue 
22 and 23, the air leak between the side front of a diaphragm 30 and a 
background is prevented by applying the elastic encapsulants 24, such as 
silicone system adhesives, to the clearance between the perimeter of a 
diaphragm 30, and a case 10 annularly, and making it harden them. In addition, 
not only the approach of applying the elastic encapsulant 24 and stiffening, after 
applying and stiffening electroconductive glue 22 and 23 but after applying and 
stiffening the elastic encapsulant 24 previously, electroconductive glue 22 and 23 
may be applied and stiffened. Moreover, electroconductive glue 22 and 23 is in 
the condition beforehand applied to the both ends of a diaphragm 30, and may 
be held in a case 10. 

[0022] In the electroacoustic transducer of this operation gestalt, by impressing a 
predetermined alternation electrical potential difference between a terminal 1 1 
and 12, an alternation electrical potential difference is impressed between the 
external electrodes 33 and 34 and an internal electrode 35, and the crookedness 
oscillation of the diaphragm 30 can be carried out. Since the electrostrictive 
ceramics layer the direction of polarization and whose direction of electric field 
are the same directions is shrunken in the direction of a flat surface and the 
electrostrictive ceramics layer the direction of polarization and whose direction of 
electric field are hard flow is extended in the direction of a flat surface, it is 
crooked in the thickness direction as a whole. A diaphragm 30 is the laminating 
structure of the electrostrictive ceramics which does not have a metal plate, and 
since two oscillating fields arranged in order in the thickness direction vibrate to 
hard flow mutually, compared with a uni-morph mold diaphragm, the big amount 
of displacement, i.e., big sound pressure, can be obtained. The sound generated 
with the diaphragm 30 is emitted to the exterior from the 2nd sound emission 
hole 21 prepared in the cover plate 20. Moreover, in the end face of the two-layer 
piezo-electric ceramic layers 31 and 32, since the external electrodes 33 and 34 



and an internal electrode 35 do not approach, the short circuit of the external 
electrodes 33 and 34 and internal electrode 35 by migration can be prevented. 
[0023] Drawing 10 shows the production process of a diaphragm 30. As shown in 
(a), 1st ceramic green sheet 31 A which does not form the electrode, and 2nd 
ceramic green sheet 32A in which the internal electrode 35 and the dummy 
electrode 36 were formed on the front face are prepared. As a ceramic green 
sheet, the PZT system ceramics was used, for example. Moreover, the 
conductive paste containing silver, palladium, an organic binder, etc. was applied 
by print processes as an internal electrode 35 and a dummy electrode 36. Next, 
as shown in (b), the laminating of the green sheets 31 A and 32A is carried out, 
and it calcinates at about 1 1 00 degrees C, and with a thickness of about 40 
micrometers piezo electric crystal 30A is obtained. Next, as shown in (c), while 
forming external electrode 33A on a side front in the front face of piezo electric 
crystal 30A of a mother substrate condition, external electrode 34A on a 
background is formed in the rear face of piezo electric crystal 30A. For example, 
the thin film forming methods, such as sputtering using the metal mask as the 
formation approach, were used. At this time, the island-like electrode used as null 
section 33a used as the burster-trimmer-stacker-feature section and the drawer 
electrode 38 is formed in external electrode 33A on a side front. Moreover, null 
section 34a used as the burster-trimmer-stacker-feature section is formed in 
external electrode 34 A on a background. After formation of the external 
electrodes 33A and 34A, between external electrode 33A of the front flesh side of 
piezo electric crystal 30A, and 34A, an electrical potential difference is impressed 
and polarization is performed. Polarization conditions presupposed that it is fixed 
at electric-field:3.0kV/mm and holding-time x retention temperature =30secx50 
degree C. Since the null section hardly exists in the electrodes 35 and 36 
prepared between ceramic layers at this time, there is almost no difference of the 
elongation of a ceramic layer, and the crack of a ceramic layer can be prevented. 
Resin coating is performed to the table rear face of piezo electric crystal 30A 
after polarization, it cuts with the broken line CL of (c), and a component as 



shown in (d) is obtained. At this time, it cuts so that Cutline CL may pass along 
the core of the burster-trimmer-stacker-feature sections 33a and 34a. While 
forming the resin layers 40 and 41 in the table rear face of the cut component, a 
diaphragm 30 is obtained by forming the end-face electrodes 37 and 39. 
[0024] After forming an electrode in the whole surface first on the need of 
preparing burster-trimmer-stacker-feature section 2a in the perimeter of the 
external electrode 2 in the case of an external electrode configuration as shown 
in drawing 1 , resist ink is applied to the part equivalent to the burster-trimmer- 
stacker-feature section, and the process of etching and forming burster-trimmer- 
stacker-feature section 2a is needed, on the other hand - since an electrode 
configuration can be simplified when the external electrodes 33A and 34A are 
extended to three sides as mentioned above, complicated processing of etching 
etc. is unnecessary - becoming - pattern NINGU of a low load - it becomes 
possible to choose law. therefore, the crack by simplification and handling of a 
process and a poor chip -- improvable - thin - even if it is **** piezo electric 
crystal 30A, the rate of an excellent article can improve and fertilize. 
[0025] Drawing 1 1 shows other examples of the external electrode in a 
diaphragm, and an internal electrode. At (a), although the configuration of an 
internal electrode 35 and the dummy electrode 36 is equivalent to the 1st 
example, it differs from the 1st example in that the band-like drawer electrode 38 
was formed in one side of the external electrode 33 through null section 33b. 
This drawer electrode 38 is connected with an internal electrode 35 through an 
end-face electrode. In (b), two side of ****** of an internal electrode 35 are 
exposed to the end face of a ceramic layer, and the dummy electrode 36 is 
formed in the two remaining sides through the gap G. Similarly burster-trimmer- 
stacker-feature section 33a was formed in two sides which two sides, especially 
internal electrode 35 of the external electrode 33 expose, and a corresponding 
part, and other two sides are extended to the periphery of a ceramic layer. Three 
sides of an internal electrode 35 have exposed (c) to the end face of a ceramic 
layer, and the dummy electrode 36 is formed in the one remaining sides through 



the gap G. Moreover, burster-trimmer-stacker-feature section 33a was formed in 
three sides to expose, three sides 35, i.e., the internal electrode, of the external 
electrode 33, and a corresponding part, and the one remaining sides are 
extended to the periphery section of a ceramic layer. Two sides which an internal 
electrode 35 counters have exposed (d) to the end face of a ceramic layer, and 
the dummy electrode 36 is formed in the two remaining sides through the gap G. 
Burster-trimmer-stacker-feature section 33a was formed in two sides which two 
sides, especially internal electrode 35 of the external electrode 33 expose, and a 
corresponding part, and other two sides are extended to the periphery of a 
ceramic layer, (a) Any electrode configuration of - (d) can prevent the crack at the 
time of polarization, while being able to prevent migration. In addition, what is 
necessary is just to make the external electrode 34 on a background into the 
same configuration as the external electrode 33 on a side front. 
[0026] Drawing 12 shows the example of further others of the external electrode 
in a diaphragm, and an internal electrode. In (a), the internal electrode 35 is 
exposed to a part of ceramic layer in one side, and the dummy electrode 36 
encloses other parts through the gap G. On the other hand, burster-trimmer- 
stacker-feature section 33a is formed in the side which the internal electrode 35 
of the external electrode 33 exposed, and the island-like drawer electrode 38 is 
formed in the part which the internal electrode 35 exposed in this burster- 
trimmer-stacker-feature section 33a, and the corresponding part. This drawer 
electrode 38 is also connected with an internal electrode 35 through an end-face 
electrode. In (b), it has exposed to a part of two sides where an internal electrode 
35 adjoins one side and its side of a ceramic layer, and the dummy electrode 36 
encloses other parts through the gap G. On the other hand, burster-trimmer- 
stacker-feature section 33a is formed in the side which the internal electrode 35 
of the external electrode 33 exposed, and the island-like drawer electrode 38 is 
formed in the part which the internal electrode 35 exposed near the both ends of 
burster-trimmer-stacker-feature section 33a further, and the corresponding part. 
This drawer electrode 38 is connected with an internal electrode 35 through an 



end-face electrode. Since the external electrode 33 is in the condition that the 
internal electrode 35 was also mutually connected in the phase of a mother 
substrate, of course in the case of this electrode pattern, there is an advantage to 
which formation of an internal electrode 35 becomes easy, (c) corrected the 
electrode configuration of (b), and has exposed it to a part of two sides where an 
internal electrode 35 adjoins one side and its side of a ceramic layer, and the 
dummy electrode 36 encloses other parts through the gap G. Between the 
dummy electrode 36 and the internal electrode 35, two island-like auxiliary 
electrodes 42 are formed along with the end face of a ceramic layer. Burster- 
trimmer-stacker-feature section 33a is formed in the side which the internal 
electrode 35 of the external electrode 33 exposed, and the internal electrode 35 
and the auxiliary electrode 42, and the corresponding island-like drawer 
electrode 38 are formed in the both ends of burster-trimmer-stacker-feature 
section 33a. In this example, by arranging the drawer electrode 38 to the corner * : 
of a ceramic layer, formation of the drawer electrode 38 becomes easy and mass 
production nature improves. If an internal electrode 35 and the dummy electrode 
36 are made into a configuration as shown in (b), the dummy electrode 36 and 
the drawer electrode 38 will lap in the thickness direction, and a possibility of 
connecting too hastily by migration will arise. Then, the short circuit of the dummy 
electrode 36 and the drawer electrode 38 is prevented by forming an auxiliary a 
electrode 42 between the dummy electrode 36 and an internal electrode 35. 
Moreover, when taking and carrying out many diaphragms from a mother 
substrate in this example, since it is easy to respond to dispersion in a cut 
location and an electrode formation location and the large width of face of the 
drawer electrode 38 can be taken, it is effective, (d) makes an internal electrode 
35, the dummy electrode 36, and an auxiliary electrode 42 be the same as that of 
(c) of drawing 12 , and makes the external electrode 33 be the same as that of 
(a) of drawing 1 1 . That is, the band-like drawer electrode 38 is formed in one 
side of the external electrode 33 through null section 33b. It can prevent that the 
drawer electrode 38 and the dummy electrode 36 short-circuit with an auxiliary 



electrode 42 also in this case. 

[0027] This invention is not limited to the above-mentioned operation gestalt, and 
can be changed in the range which does not deviate from the meaning of this 
invention. For example, although a diaphragm 30 carries out the laminating of the 
two-layer electrostrictive ceramics layer, what carried out the laminating of the 
three or more-layer electrostrictive ceramics layer may be used. Moreover, 
everything but a square of a diaphragm 30 may be circular. 
[0028] The case of this invention is not restricted to what consisted of a case with 
a terminal as shown in drawing 2 - drawing 4 , and a cover plate adhered to the 
top face. For example, as shown in drawing 7 of above-mentioned JP,2001- 
95094A and drawing 8 , a case may consist of a cap with the supporter which 
can carry out support immobilization of the diaphragm, and a substrate with the 
electrode for external connection. You may be the electrode of the thin film from 
the supporter top face of a case to [ as a terminal fixed to a case, does not 
restrict to an insertion terminal like the above-mentioned operation gestalt and ] 
outside for example, or a thick film. 
[0029] 

[Effect of the Invention] The dummy electrode which was separated by an 
internal electrode and its outside through the gap between ceramic layers by the 
above explanation according to invention concerning claim 1 so that clearly is 
prepared. While exposing some internal electrodes to at least one end face of a 
ceramic layer Since it extended to end faces other than the end face of the piezo- 
electric ceramic layer to which the dummy electrode was exposed to other end 
faces of a ceramic layer, and the internal electrode has exposed the external 
electrode of a front flesh side In the end face of a ceramic layer, an internal 
electrode and an external electrode do not approach in the thickness direction, 
but the short circuit by migration can be prevented. Moreover, since the dummy 
electrode is prepared in the part in which an internal electrode does not exist 
even if the difference of elongation arises in a ceramic layer in the part to which 
an internal electrode exists at the time of polarization, and the part not existing, 



the difference of the elongation of a ceramic layer becomes small and it has the 
operation effectiveness that the crack of a ceramic layer can be controlled. 
[0030] According to invention concerning claim 6, since the electrode for 
polarization is used as an external electrode as it is, etching becomes 
unnecessary, and a load is not applied to a diaphragm, but a crack and a chip 
percent defective can be improved. Therefore, the diaphragm which consists of a 
multilayer piezoelectric transducer can be manufactured efficiently. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of the piezo-electric 

diaphragm which will be the requisite for this invention. 

[Drawing 2] It is the decomposition perspective view of the 1st operation gestalt 

of the piezo-electric mold electroacoustic transducer concerning this invention. 

[Drawing 3] It is the A-A line sectional view of drawing 2 . 

[Drawing 4] It is the B-B line sectional view of drawing 2 . 

[Drawing 5] It is the perspective view of the piezo-electric diaphragm used for the 

piezo-electric mold electroacoustic transducer of drawing 2 . 



[Drawing 6] It is the C-C line sectional view of drawing 5 . 

[Drawing 7] It is a perspective view in the condition of having removed the resin 

layer of the piezo-electric diaphragm shown in drawing 5 . 

[Drawing 8] It is the decomposition perspective view of the piezo-electric 

diaphragm shown in drawing 7 . 

[Drawing 9] It is the internal electrode and external electrode drawing of a piezo- 
electric diaphragm which are shown in drawing 7 . 

[Drawing 10] It is process drawing showing the manufacture approach of the 
piezo-electric diaphragm shown in drawing 7 . 

[Drawing 1 1] They are other pattern drawings of the internal electrode of a piezo- 
electric diaphragm, and an external electrode. 

[Drawing 12] It is pattern drawing of further others of the internal electrode of a 

piezo-electric diaphragm, and an external electrode. 

[Description of Notations] 

10 Case 

20 Cover Plate 

30 Piezo-electric Diaphragm (Layered Product) 

31 32 Ceramic layer 

33 34 External electrode 

33a, 34a Burster-trimmer-stacker-feature section 

35 Internal Electrode 

36 Dummy Electrode 

37 39 End-face electrode 

38 Drawer Electrode 
G Gap 
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